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ABSTRACT 
This study looked at how the Multiple Elevation Scanning Option for the Supplemental Adaptive 
Intra-Volume Low-Level Scan (MESO-SAILS) radar scanning regime performed with respect to 
tornadic debris signature (TDS) detection during the 2016 tornado season in the Iowa Region. 
Results were compared to TDS distribution research done before the implementation of MESO-
SAILS. Overall, it was found that the use of MESO-SAILS led to an upward trend in TDS 
detection and possibly increased the effective range at which TDS’s could be detected. Other 
TDS radar variable thresholds stayed relatively the same even with the extra sampling that 
MESO-SAILS provided. In the Iowa region, when tornado watches were active, MESO-SAILS 
was active 100% of the time when tornadoes were reported. This reflected National Weather 
Service expectations for such situations. This number dropped to 41% during severe 
thunderstorms watches however, which may suggest some benefit in keeping MESO-SAILS 
active during severe thunderstorm watches as well.  
     _______________________________________________________________________
1. Introduction  
In the spring of 2016, a new radar 
scanning regime was implemented at 
National Weather Service NEXRAD radar 
sites across the United States. This new 
regime called MESO-SAILS or the Multiple 
Elevation Scanning Option for the 
Supplemental Adaptive Intra-Volume Low-
Level Scan, improved upon the standard 
SAILS regime that allowed radar operators 
to add one additional 0.5-degree scan to the 
standard severe weather volume coverage 
pattern at the time. The MESO-SAILS 
upgrade provided for two more of these low-
level scans to be added to SAILS, adding up 
to a total of four scans at the 0.5-degree 
level: one legacy and three SAILS scans. 
With the addition of these two extra SAILS 
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scans, MESO-SAILS shortened the gap 
between radar product updates to 75-90 
seconds (Chrisman 2014, Boettcher and 
Schoor 2016), a vast improvement over the 
five to seven-minute update times of the 
NEXRAD legacy scans that were used 
before SAILS and MESO-SAILS. More 
importantly, according to Boettcher and 
Schoor (2016), MESO-SAILS could be used 
on NEXRAD radars without any adverse 
effects upon the radar assembly in spite of 
the faster radar motion. Because of this, 
implementation was quick and easy around 
the nation with many, if not all, Weather 
Forecasting Offices (WFO’s) having access 
to MESO-SAILS after its installation in the 
spring of 2016. 
Along with the use of MESO-
SAILS, the advent of dual-polarization 
radar, or dual-pol for short, in the early 
2000’s made it possible for severe weather 
to be observed in new ways. Precipitation 
type and shape could be determined due to 
the technology’s use of horizontal and 
vertical electromagnetic waves to image 
meteorological hydrometeors. A useful side 
effect was also discovered: Non-
Meteorological scatterers were able to be 
classified using dual-pol radar. This 
discovery eventually led to the finding and 
study of tornadic debris signatures (TDS’s), 
which are observable areas of Non-
meteorological scatterers that appear on 
radar in conjunction with a tornado vortex 
signature (see figure 1). Using dual-pol 
radar variables, Ryzhkov et al. (2005) 
defined a TDS as: an area of reflectivity 
(ZHH) greater than 45 dBZ, a correlation 
coefficient (ρhv or CC) of less than 0.8, a 
differential reflectivity (ZDR) of less than 0.5 
dB, and collocation with a hook echo and a 
tornadic vortex signature. Other research by 
Schultz et al (2012a), used a correlation 
coefficient of less than 0.7, a reflectivity of 
greater than 30 dBZ, and collocation with a 
tornadic vortex signature as indicative of a 
TDS. Criteria provided by the Warning 
Decision Training Branch (WDTB) used 
reflectivities above 20 dBZ and a local 
minimum in correlation coefficients up to 
0.95 as long as a strong vortex signature was 
present (WDTB 2011).   Research by Van 
Den Broeke and Jauernic (2014) provided 
thresholds that aggregated the previously 
mentioned criteria and included 
environmental factors, such as the 
entrainment of water into the TDS. Using 
these considerations, they identified a TDS 
as an area of greater than 30 dBZ, a 
correlation coefficient of less than 0.8, and 
the previously mentioned collocation 
parameters on radar. 
Research by Van Den Broeke and 
Jauernic (2014) and Van Den Broeke (2015) 
catalogued TDS instances and their patterns 
nationwide using the criteria mentioned 
above. Using Dual-pol Radar data, Van Den 
Broeke and Jauernic (2014) found that 16% 
of the 1284 tornado cases they examined 
had TDS’s associated with them. They also 
found that generally the stronger a tornado 
was rated, the longer a tornado was on the 
ground, and the closer the tornado was to 
radar, the more prevalent the TDS was. Van 
Den Broeke and Jauernic (2014) also found 
that increased tornado longevity led to 
higher lofting of debris. Building upon the 
work done by Van Dan Broeke and Jauernic 
(2014), Van Den Broeke (2015) found that 
TDS’s generally increased in intensity with 
3 
 
respect to reflectivity and decreased with 
respect to correlation coefficient the higher 
the tornado was rated. 
Since MESO-SAILS was recently 
implemented, little known research has been 
done on how MESO-SAILS has improved 
or changed the observation of TDS’s. Since 
Van Den Broeke and Jauernic (2014) used 
data from the pre-MESO-SAILS era, little is 
known about how effective this new regime 
is with relation to TDS observations. 
Because of this, there is a need to verify its 
usefulness to forecasters. The study 
hereafter looks to answer what preliminary 
improvements MESO-SAILS has 
contributed to TDS detection, what new 
pattern’s the increased low-level scans have 
revealed with respect to TDS variables, and 
what challenges arise when using MESO-
SAILS for TDS observation and 
verification. The use of MESOSAILS by the 
Iowa Region WFOs will be evaluated as 
well. Conclusions will be drawn from a 
smaller local dataset encompassing Iowa 
and the surrounding WFO’s that share land 
area with Iowa 
  
2. Data and Methods 
a. Tornado Cases and Radar Data 
In order to assess the effectiveness of 
MESO-SAILS, Iowa County Warning Areas 
(CWA’s) were chosen as a representative 
sample, along with any CWA’s that had 
counties within Iowa’s borders. These 
CWA’s were Des Moines (DMX), 
Davenport (DVN), Omaha (OAX), Sioux 
Falls (FSD), and La Crosse (ARX). With the 
FIGURE 1: An example of a Tornadic Debris Signature near Nehawka, Nebraska on May 9, 2016. Reflectivity (ZHH) is on the 
top left, Storm Relative Motion (or Velocity) the top right, Correlation Coefficients (ρhv or CC) the bottom left, and Differential 
Reflectivity (ZDR) on the bottom right. All criteria are met for a TDS, as low ρhv values (dark blue) are collocated with an area 
of significant reflectivity (red color) and a velocity couplet as highlighted in the circled area for Storm Relative Motion. ZDR, 
although fairly noisy, has an area close to zero dB (dark gray) in the center of the circled area as well. 
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implementation of MESO-SAILS being 
fairly recent (early spring 2016) and 
information about its use not widely 
available to the public, the Science and 
Operations Officers were contacted at each 
WFO in order to better pinpoint when the 
new regime was put into action at their 
particular office. With the latest activation 
date occurring on April 2, 2016, tornado 
cases were collected starting on April 3, 
2016 in order to make sure that all of the 
data sampled included MESO-SAILS data. 
Tornado cases were gathered from the 
National Center for Environmental 
Information (NCEI) Storm Database. At the 
time of the study, the Storm Database 
provided tornado cases through the end of 
July 2016, so the study period ended 
concurrently with this cutoff date. The date, 
start time, end time, start location, Enhanced 
Fujita Rating, and pertinent WFO of each 
tornado case was documented. After the 
tornado cases were compiled, Level II radar 
data from each of the cases was collected 
using Amazon’s Web Service NEXRAD 
archive provided through the Iowa 
Environmental Mesonet website run by the 
Iowa State University Meteorology 
Program. This radar data was then analyzed 
using GR2Analyst Radar Software (GR). 
b. TDS Classification and Other Tornadic 
Signatures 
TDS’s were classified using an 
adaption of the method employed by Van 
Den Broeke and Jauernic (2014). For the 
purposes of this study, a reflectivity of 
greater than 25 dBz, a correlation coefficient 
of less than 0.8, and collocation with a 
tornadic vortex signature were considered as 
indicative of a TDS. A differential 
reflectivity of 0 dB was used as extra 
verification if the case was still ambiguous 
after looking at the other criteria mentioned, 
but was not considered in every case. If an 
exceptionally strong velocity couplet was 
present, but correlation coefficient values 
indicated a slight depression (e.g. in between 
0.8 and 0.9), this was still considered a TDS 
in the study. Radar data was examined in 
GR2Analyst using various color tables 
provided by the Des Moines National 
Weather Service Office.  
When a tornado case was found to 
satisfy the criteria mentioned above, the start 
time, end time, time of the lowest 
correlation coefficient value, and the 
duration of the TDS was recorded. 
Minimum correlation coefficient values, 
Maximum reflectivity values, beam 
elevations, and the maximum heights of 
lofted debris were also recorded when the 
correlation coefficient depression was at its 
most intense (lowest value) for each case. 
For each tornado case, regardless of the 
presence of a TDS, the maximum inbound 
and outbound velocities of the velocity 
couplet were recorded along with the 
velocity couplet’s distance from the radar, 
the maximum normalized rotation (NROT) 
observed, whether or not MESO-SAILS was 
active at the time of the tornado, the 
maximum height of the velocity couplet, and 
the ongoing warning product at the time of 
the tornado and whether or not it was 
upgraded. Ongoing watches were found 
using the Storm Prediction Center 
Mesoanalysis archive.  
Height data was gathered using GR, 
which assumes that the radar beam is in a 
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standard atmosphere where super-refraction 
and sub-refraction are non-existent. 
Distances were measured in GR as well, 
with the distance from the radar being 
measured from the center of the velocity 
couplet. Rotational Velocity (VROT) was 
calculated for each tornado case using a 
method described by Smith et al. (2015) in 
their research paper. 
c. Case Omissions 
For some of the tornado cases that 
were collected from the NCEI Storm 
Database, discrepancies existed between 
what was reported and what was observed 
on radar. To remove any ambiguities from 
the dataset, the cases that exhibited 
discrepancies were omitted. Landspout 
tornado cases were omitted too, as most of 
these cases didn’t include any amount of 
discernable tornadic radar signatures in the 
landspout’s vicinity. Other cases suffered 
from signal degradation from either being 
too close to the radar or from beam 
attenuation. Since a TDS or velocity couplet 
could not be ascertained, these cases were 
omitted as well. 
d. Experimental Methods 
 In order to quantify the 
improvements in TDS detection and discern 
differences in TDS variables due to the 
increased low-level scans of MESO-SAILS, 
relevant data from this study was compared 
to the findings of Van Den Broeke and 
Jauernic (2014) and Van Den Broeke 
(2015). The data provided in these papers 
looked at TDS data before the advent of 
MESO-SAILS. Statistics relating to TDS 
distribution by region and by tornado 
intensity, TDS vertical extent, the 
relationship between TDS detection and 
distance from the radar, and typical TDS 
radar variables by tornado intensity were 
examined. Tornado cases observed in the 
Van Den Broeke and Jauernic (2014) study 
were taken from a fairly weak tornado 
season comparative to the one used in this 
study. Their research also divided tornado 
cases into ten geographic sub-regions for 
some observations. Iowa was chosen as a 
smaller representative sample of the Great 
Lake region in their study due to its 
similarities to the region (land cover and 
land use) and the need to assess the 
performance of MESO-SAILS in the Iowa 
region. 
  
3. TDS Observations in the Iowa region  
It was determined that a total of 39 
tornadoes occurred within the testing 
domain from April 3, 2016 to July 30, 2016 
(geographic distribution shown in Figure 1). 
Of these cases, 13 (or 33%) were found to 
have a TDS associated with them. Van Den 
Broeke and Jauernic (2014) found that the 
Great Lakes Region (which included Iowa) 
exhibited TDS’s in 18.8% of its total cases 
in a study period of 17 months from January 
2012 to May 2013. Table 1 shows the 
tornado count by WFO and how many 
TDS’s they contained. Davenport led the 
field with a count of 14 tornadoes but 
proportionally, it tied Des Moines for the 
least amount of TDS’s. Omaha had the 
highest instance of observable TDS’s with 
66% of its cases exhibiting one. However, 
this value could have been inflated due to 
the fact that many of the Omaha WFO’s 
tornadoes occurred over populated areas 
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TABLE 1: Tornado Cases and TDS Occurrences by WFO. 
The Percentage of Tornado Cases that had a TDS is 
provided as well. 
where non-meteorological scatterers are 
abundant. 
  a. TDS distribution by tornado Enhanced     
Fujita rating 
 Total Tornado and TDS occurrences 
were broken down by the related tornado 
rating on the Enhanced Fujita Scale (Table 
2). Tornado cases observed in this study 
exhibited a fairly similar signal to that of 
Van Den Broeke and Jauernic (2014). In 
both data sets, tornado counts decreased by 
about half from EF0 to EF1 Ratings and 
decreased to an eighth from EF0 to EF2. 
TDS occurrences however were not similar. 
EF0 tornadoes were found to have a TDS 
25% of the time, EF1’s, 50% of the time, 
and EF2’s, 33% of the time. This stands in 
contrast to Van Den Broeke and Jauernic 
(2014) where TDS’s occurred 6.2%, 18.9%, 
and 49.1% of the time for each tornado 
FIGURE 2: The spatial distribution of Tornado cases with respect to the different WFOs within the testing domain. Non-TDS cases 
are in yellow, while TDS cases are in red. WFO Boundaries are marked in white and state boundaries are marked in teal. Des 
Moines (KDMX), Davenport (KDVN), La Crosse (KARX), Sioux Falls (KFSD) and Omaha (KOAX) were the WFO’s used in this study. 
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TABLE 2: Tornado Counts along with the percentage of the total they represented tornadoes they represented. TDS 
percentages and the average maximum vertical extent of the TDS’s by EF-Rating are provided as well. Van Den Broeke and 
Jauernic (2014)‘s data is in red, while this study’s data is in black. 
TABLE 3: Distance from Radar and TDS Occurrences. 
The number of TDS’s observed is given along with the 
percentage of TDS’s per distance category. Data from 
the current study is in black, while the Van Den Broeke 
and Jauernic (2014) data is in red 
 
rating respectively. Van Den Broeke and 
Jauernic (2014) also recorded the max  
vertical extent of the debris present in the 
TDS with relation to EF rating. Similar 
observations to Van Den Broeke and 
Jauernic (2014) were noted in this study 
with stronger tornadoes lofting debris 
higher.     
b. Distance from Radar and TDS Detection 
 The Van Den Broeke and Jauernic 
(2014) dataset showed that over 50% of the 
TDS’s that they observed occurred below a 
distance of 45 km from the radar. However, 
data found in this study showed that 50% of 
the TDS’s observed occurred in a range 
from 37 to 90 km with an average of about 
63 km (See Table 3). The data could be 
skewed however, due to the low amount of 
TDS’s in the dataset of this study. 
c. TDS Duration and the height of lofted 
debris 
Van Den Broeke and Jauernic (2014) 
observed a general increase in debris height 
as tornado duration increased. This pattern 
was still observed in the MESO-SAILS data 
with the shortest tornadoes (<100 seconds) 
lofting debris to about 0.5 km and the 
longest tornado in the dataset (1600 
seconds) lofting debris up to 2 km. 
d. MESO-SAILS TDS Dual-Pol Radar 
Variables 
The average minimum correlation 
coefficient value was around 0.58 with a 
standard deviation around 0.2. A correlation 
coefficient threshold of 0.8 proved to be a 
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FIGURE 3: The distribution of correlation coefficients and reflectivity observed in association with TDS Cases when they were 
at their maximum intensity. Plots (A) and (C) focus on data in the whole dataset, while plots (B) and (D) are broken down by 
the TDS’s associated Enhanced Fujita Scale Rating. In the plots, X marks the average and a 25/75 quartile distribution is 
used. 
useful threshold for this study as most of the 
correlation coefficients were below this 
cutoff (Fig. 2a). EF0 tornadoes appeared to 
have the most varied distribution of CC’s 
but this variability was not present with EF1 
tornadoes as most of their CC values were 
between 0.7 and 0.5 (Fig. 2b). The lone EF2 
TDS had the lowest CC value of 0.21. 
Reflectivity averaged well above the 
threshold that was imposed for this study 
with an average value around 40. The 
distribution of reflectivities fell in line with 
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FIGURE 4: Rotational Variables (Rotational Velocity and Normalized Rotation) that were observed in both TDS and Non-TDS 
cases are detailed here. Plots (E) and (H) show the overall totals of the variables by case type, plots (F) and (I) show the 
variables by EF-Rating for TDS cases, and plots (G) and (J) show the distribution of the variables by EF-Rating for Non-TDS 
cases. 
Van Den Broeke and Jauernic (2014)’s 
thresholds as over 75% of the TDS’s 
observed had a reflectivity above 30 dBZ 
(Fig. 2c). Van Den Broeke (2015)’s data 
showed that reflectivity tends to slightly 
increase with a jump in EF Intensity. This 
was not observed in this study however, but 
the variability of reflectivities did decrease 
from the EF0 to EF1 categories (Fig. 2d). 
Overall, TDS cases had a higher average 
Normalized Rotation (NROT) than that of 
Non-TDS cases (0.82 and 0.55 respectively). 
A decent portion (25%) of NROT’s 
associated with TDS’s were above the 
maximum NROT observed for non-TDS 
cases (Fig. 3h). However, a significance test 
of the two means found that even though 
TDS cases were higher, this difference was 
insignificant. As expected, NROT increased 
from EF0 to EF1 for both TDS and Non-
TDS cases (Fig. 3i and 3j). No conclusions 
could be drawn about the study’s EF2 
tornadoes due to the small number of them 
in this study (n=3). Rotational Velocity 
(VROT) was nearly identical for both TDS 
and Non-TDS cases, however the Non-TDS 
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cases exhibited more variation than the TDS 
cases (Fig. 3e). Again, as expected, VROT 
increased as tornado intensity increased for 
both TDS and Non-TDS cases. 
e. The Use of MESOSAILS for Tornado and 
TDS detection in the Iowa Region  
In the Iowa region, MESO-SAILS was in 
use 54 % of the time at the time of tornado-
genesis before later being activated. The Des 
Moines and Omaha WFO’s did the best at 
having MESO-SAILS turned on before 
tornado-genesis with Des Moines capturing 
86% of its tornado cases with MESO-SAILS 
and Omaha capturing 77% of theirs. The  
general thought amongst National Weather 
Service WFO’s is that MESO-SAILS should 
always be activated if the WFO is under a 
tornado watch and left up to the WFO’s  
discretion if a severe thunderstorm watch is 
in effect. This study found that this guideline 
was followed fairly well.  MESO-SAILS 
was active at the time of tornado-genesis in 
100% of tornado watch situations. However, 
this percentage dropped in severe 
thunderstorm watch situations as MESO-
SAILS was in use 41% of the time when 
tornado-genesis occurred. For situations 
FIGURE 5: Three circled TDS’s that were not surveyed after their occurrence during early July 2016.  TDS 1 and 2 were 
located near ongoing warning polygons for a different circulation before the time listed in the figure. TDS 3 wasn’t 
surveyed, nor did it have any warnings issued for it. 
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Figure 6: Another view of the TDS’s in the middle (left column) and end (right column) of their life-cycles.  Duration, 
estimated distance traveled, and the amount of scans the TDS was present for are labeled.  Even though a warning was 
issued for TDS 1 and 2, the lack of a survey for both of them may suggest that their survey was skipped or they were missed 
altogether. TDS 3 was completely missed with no warning present during its whole lifespan and no survey. 
without any sort of watch, MESO-SAILS 
was active at the time of tornado-genesis 
38% of the time.  
Even with the enhanced scanning 
ability of MESO-SAILS, some TDS’s did 
go unnoticed during the testing period. A 
prime example (Figure 5) occurred on July 
5, 2016 as a Quasi-Linear Convective 
System (QLCS) moved through the La 
Crosse WFO late in the evening. Three TDS 
instances that were captured by MESO-
SAILS during that evening were not 
surveyed and entered in the NCEI storm 
database. Two of the 3 TDS’s were present 
and of significant intensity for a 
considerable amount of time (10 and 12 
minutes) shown in figure 6. Two of the 
TDS’s were included in tornado warning 
polygons as well, but these warnings were 
already ongoing for other tornadic 
circulations in the area prior to the TDS 
appearing, making the warning verify 
somewhat by accident. The other TDS had 
no warning associated with it at all.  
4. Conclusions and Future Work 
 The MESO-SAILS scanning regime 
was able to spot TDS’s in 33% of the 
tornado cases used in this study. This is a 
marked increase over the 18% identified in 
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Van Den Broeke and Jauernic (2014).  
Considering the fact that the Iowa region is 
fairly representative of the land cover in the 
Great Lakes Region (areas of Farmland, 
wetland, woodland, and urban development) 
and the fact that this study observed a higher 
proportion of TDS’s in about a quarter of the 
time of the Van Den Broeke and Jauernic 
(2014) study and in a smaller testing 
domain, it can be concluded with some 
amount of certainty that MESO-SAILS has 
led to an upward trend in TDS detection in 
this area. This trend could very well be 
occurring in other regions as well, but more 
research will be needed to verify the validity 
of this assumption.  
 This study observed a higher 
proportion of TDS’s associated with EF1 
tornadoes than Van Den Broeke and 
Jauernic (2014)’s data suggests; however, it 
is speculated that this finding may be moot 
because of a high proportion (~50%) of 
TDS’s associated with EF1 ratings in this 
study occurring over urban centers where 
non-meteorological scatterers are quite 
abundant.  
 An increase in TDS’s detected at a 
longer distance from the radar and 
consequently higher beam heights over the 
data presented by Van Den Broeke and 
Jauernic (2014) was found in this study. 
This may suggest that the MESO-SAILS 
regime’s more frequent 0.5 degree scans are 
better at detecting debris at higher levels of 
the storm where it is often rare for debris to 
reach or for debris to stay lofted long. 
However, this assumption relies upon a 
dataset that only has 13 TDS’s, so 
replicating this section of the study with a 
larger dataset may be needed to assess the 
validity of this finding. 
 Van Den Broeke and Jauernic (2014) 
found that stronger tornadoes often lofted 
debris higher and that the longer a tornado 
was on the ground, the higher debris was 
lofted. No significant change was noted 
between these findings and the ones in this 
study with respect to these observations. 
 TDS Radar variables found by 
MESO-SAILS were similar to what Van 
Den Broeke and Jauernic (2014) had 
proposed as thresholds for defining a TDS 
during the pre-MESO-SAILS era. Most of 
the CC values were below 0.8 and 
reflectivites were above 30 dBZ. NROT’s 
were slightly greater in TDS cases but not 
significantly so, while VROT’s were 
essentially the same.  
 Overall, it was found that MESO-
SAILS was active 100% of the time when 
tornadoes were observed during tornado 
watches. This was on par with NWS 
procedure for severe weather days when 
tornadoes were the primary threat. However, 
this percentage dropped to 41% for 
tornadoes that occurred during severe 
thunderstorm watches. MESO-SAILS 
activation during severe thunderstorm 
watches is usually left up to the radar 
operator’s discretion. However, from these 
observations, it may serve some purpose for 
operational meteorologists to activate 
MESO-SAILS every time there is a severe 
thunderstorm watch as well. A few instances 
were observed where TDS’s were not 
warned or surveyed. These instances may 
illustrate a new challenge facing forecasters 
because of the use of the new technology. 
The increase in tornado observations by 
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MESO-SAILS may cause instances where 
forecasters are “overwhelmed” by the 
number of velocity couplets or TDS’s that 
are present (especially in squall line cases) 
and may have to prioritize which areas are 
of most importance to warn. Because of this, 
some TDS’s or other indications of a 
tornado in a different location may be 
overlooked by forecasters. There may also 
be budgetary concerns as the increase in 
TDS’s and consequently tornadoes detected 
may mean more damage surveys for 
National Weather Service Surveyors. If a 
TDS occurs in an area of low population 
density, or there is no associated property 
damage, or the TDS occurs over 
inaccessible terrain, the survey may be nixed 
in favor of a tornado with more immediate 
impact in order to save money. This could 
have occurred in the La Crosse case, as all 3 
of the TDS’s occurred over a hilly, wooded 
area with low population density.    
However, these speculations are in need of 
extra verification before conclusions can be 
drawn. If found out to be true, they may 
warrant a change in warning or survey 
procedure going forward.  
Re-examining this study during a 
stronger and more prolific tornado season 
could provide a wider distribution of tornado 
intensities for TDS observations as the 
maximum EF-Rating in this study was only 
EF2. Variations in MESO-SAILS-detected 
TDS’s by region, much like Van Den 
Broeke and Jauernic (2014) study, could 
also be explored in future research as only a 
small region was the focus of this study.   
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